Penrose's contribution to applied mathematics had the distinction of both necessity and directness. He only used mathematical approaches when other methods had failed in either efficiency or precision, and having tackled a problem, he approached it with a directness which is unusual in biometry and supported his analysis with data which were strictly relevant to the problem.
garding senile dementia as determined by a single major gene with time-dependent penetrance. A similar model has been advanced for the centrencephalic petit-mal (epileptic) syndrome of childhood. Genetic heterogeneity is a principal difficulty in elucidating the genetics of common disorders. Can "schizophrenia" be accounted for as a non-genetic syndrome? Alternative polygenic and monogenic hypotheses are each compatible with all the information at present available. Schizophrenic syndromes have some resemblance to organic brain disorders. The present situation in the affective mental disorders is reviewed, with depressive reactions, unipolar and bipolar (manic-depressive) states, genetically heterogeneous, sharing the clinical field. Much present-day theoretical genetics is concerned with "populations ". Thus we have the populations of trees and of moths in a wood, of mice in a hayrick, of humans in a village. Some populations seem natural units, such as a wood or an isolated village; others, e.g. a county or state, are biologically arbitrary. It is customary to treat populations as approximately homogeneous and random-mating, thus obeying the Hardy-Weinberg rule. But, studied more accurately, almost all natural populations are stratified-certainly by age, possibly also by social, genetic, or geographical barriers. Mating is often assortative for social class. Different immigrant communities may tend to keep separate even with no very obvious social or racial barriers between them. The best way of taking these stratifications into account would seem to be to concentrate attention on the properties of individuals.
Any population, whether it is divided from the rest by a natural or an arbitrary criterion, can then be thought of as a set of individuals. Its statistical properties follow from the means, variances, covariances and higher moments for individuals.
BLOOD GROUPS AND THEIR LINKAGES

R. R. RACE Medical Research Council Blood Group Unit, The Lister Institute, London
The search for autosomal linkage between the loci for blood groups and for other human characters began around 1930 but it was not till 1951, with a greatly increased battery of markers, that the first was found by Jan Mohr on his return to Copenhagen after an Aganippean spell with Penrose at the Galton: the linkage was recognized by Penrose's sib method. The Galton team quickly followed with a succession of blood group linkages, capped at home by the recognition of a sex difference in the rate of recombination in man, and abroad by the first assignation of a human locus to a numbered autosome. In the meantime the present Galton Professor and his colleagues were discovering all those isozymes which so rapidly advanced autosomal cartography, picking up several linkages with blood groups on their way.
So far, only one blood group has contributed to X chromosome mapping, and only one has given syntenic information in hybrid cell culture tests.
GENETICS OF THE MAJOR HISTOCOMPATIBILITY COMPLEX R. CEPPELLINI
Institute of Medical Genetics, University of Turin
The major histocompatibility complexes (MHC) of man (HL-A), mouse (H2), rat, dog and monkeys correspond to classes of adjacent genes (approximate length of the region in man is about 0•02 recombination units) probably related in origin (by gene duplication) and in function (control of structures and function of the cell membrane). Besides the striking homology of MHC in different species, HL-A in man has been shown to be subdivided into at least four well-defined loci, because many alleles exist at each locus which can recombine. Notwithstanding a marked degree of linkage disequilibrium, the number of chromosomal combinations (haplotypes) is very high and is such that the number of different genotypes approaches 106 and of different phenotypes is greater than l0.
Matching for these polymorphisms is important for good survival of allogenic transplants. Indirect evidence from animal data and from clinical observations (by striking association between some diseases and some HL-A phenotypes) suggests that in man, too, the HL-A region controls not only some important cell surface antigens, but also some important aspects of the immune response. lack this ability in all tested systems. Gilula et al. (J"Tature, 235, 262, 1972) have published preliminary evidence correlating lack of metabolic cooperation with the absence of gap junctions detectable in the electron microscope. To test this hypothesis, we have attempted to obtain two related cell lines, selected to differ with respect to metabolic cooperation.
Starting with cells lacking HGPRT, TK, and dCK activities, and able to cooperate in all three systems (Mec+), we selected for loss of this ability in the TK system only, using BUdR. This selection, continued over many cell generations, succeeded, resulting in a Mec cell line no longer able to cooperate in the TK system. Detailed investigation showed that these cells are also unable to cooperate in the dCK system, i.e. metabolic cooperation has been lost in both pyrimidine deoxyribonucleoside systems tested. Yet these cells retain their ability to act as recipients in the HGPRT system and act as donors in the APRT system, the two purine scavenger pathways tested.
Thus the molecular processes concerned with metabolic cooperation clearly involve an element of specificity which cannot simply be related to the presence or absence of gap junctions. Xeroderma Pigmentosum (XP) is an autosomal recessive condition due to the deficiency of an enzyme (" XP-enzyme ") responsible for an early step in the excision repair of DNA.
Heterokaryons between XP and normal or heterozgous fibroblasts indicate that: in the normal cells the XP-enzyme is present in amounts 3-4 fold greater than required for maximal DNA repair synthesis, heterozygous cells contain less enzyme than normal controls and mutations leading to the same clinical form of XP (classical type) may code for XP-enzymes with qualitatively different defects.
A kinetic study of complementation in such heterokaryons further suggests that the XP-enzyme is, probably, not a monomer and that its function may be dependent upon binding to an "acceptor" and formation of a stable complex which turns over slowly. Our findings and the evidence in favour of a close correlation in the kinetics of the different aspects of the excision repair of DNA (Exp. Cell Res., 74, 67, 1972; Mutation Res., 17, 385, 1973) prompt us to form the hypothesis that the enzymes of this repair system may be physically associated to form a complex or "repair Chromosome breakage and rearrangement in lymphocytes is a feature of the autosomal recessive disease ataxia telangiectasia (J. German, Progress in Medical Genetics, Vol. VIII, pp. 61-101, 1972) . In the lymphocytes of four patients with this disease we have observed that rearrangements occur more frequently than gaps and breaks. The chromosomes involved in these rearrangements appear to be non-random with a specificity for those of the D-group.
In two cases large, non-malignant, abnormal clones have developed containing stable rearrangements. Using a Giemsa banding technique at least one of the chromosomes involved in the translocation in both clones has been identified as number 14.
Fibroblasts from these patients, although difficult to culture in vitro, also show chromosomal instability and, in one case, clonal development. The chromosomes of a derivative of the Syrian hamster cell line BHK2 1 C 13 oncogenically transformed by polyoma virus and resistant to 8-aza-adenine and 8-aza-adenosine, have been identified by banding techniques. During these selection processes six chromosomes were lost from the parent population, and extensive rearrangements of the remainder took place, to produce a homogeneous modal population. Further selection for loss of chromosomes has produced clones with yet lower chromosome numbers.
Karyotype of the parent cells and of cells from selected clones will be presented, together with details of the selection programme for reduced chromosome number, and an estimate of the amount of chromosomal material lost, during the earlier stages of the selection.
STUDIES OF THE SECRETOR STATUS OF THE FOETUS S. L. M. GIBSON
Department of Medical Genetics, The University and Royal Hospital for Sick Children, Glasgow Recent advances in antenatal diagnosis are extending the help that can be given in the field of genetic counselling. Antenatal diagnosis was initially used directly, for instance in the detection of gross chromosome abnormalities and specific enzyme defects. Now the discovery of genetic linkages opens the way for indirect diagnosis. This can prove useful in cases where the gene concerned is not directly detectable, but is closely linked to another gene which is.
Previous investigators have shown that the secretor status of a foetus can be determined from the amniotic fluid (P. Harper et al., J. Med. 8, 438, 1971 ). The present study assesses the accuracy of this procedure, which hopefully could find application in the antenatal diagnosis of dystrophia myotonica.
"RIDGES-OFF-THE-END"-A DERMATOGLYPHIC SYNDROME
The first dermatoglyphic syndrome, called the "ridges-off-the-end" syndrome, has now been found in four British families. The syndrome is inherited as an autosomal dominant, the gene having complete penetrance. The syndrome consists of a collection of most bizarre dermatoglyphic abnormalities, the most striking of which is the tendency for ridges to run vertically off the end of the fingers and toes instead of forming the normal patterns.
Affected persons sometimes have unusual scalp hair patterning, but the syndrome is not associated with any disease or malformation. Indeed there is some evidence that bearers of the gene possess considerable protection from developing atheroma.
One of the palmar dermatoglyphic abnormalities, a hypothenar "crack ", appears to be related to an underlying accessory head of the palmaris brevis muscle. Two simple questions regarding correlated changes in the degree of fatness resulting from divergent selection for body size in animals are still not answered satisfactorily in the literature. First, how does selection affect the relative fatness of animals at different stages of development? Second, does selection at different ages have different effects on the degree of fatness.
Lines of mice selected for High and Low body size at 5 and 10 weeks of age over 15 generations were measured for their growth curves at weekly intervals and their carcase composition, in terms of fat, water and non-fat tissues, at 5, 10 and 21 weeks of age.
There was evidence of (I) large changes in the percentage fat with age in every line, (2) large differences between "High" and "Low" lines in their patterns of fat deposition, (3) small differences between lines selected at different ages in their patterns of fat deposition, and (4) positive correlations between the shapes of growth curves and patterns of fat deposition.
From the points of view of animal breeding practice, quantitative genetical theory and gross tissue physiology these results have several interesting implications.
INHIBITION OF MITOCHONDRIA OF YEAST BY THE ADENINE ANALOGUE 2-6-DIAMINO PURINE BARRY LEE and D. WILKIE
Department ofBotany and Microbiology, University College London Most haploid strains of S. cerevisiae tested were inhibited in growth by 100 jig/mi of 2-6-diamino purine (DAP) in conditions requiring functional mitochondria, but cell growth continued in a glucose medium at higher concentrations of DAP up to about 10 times this amount. In the latter medium, l00jig/ml DAP caused the failure of cytochromes a and b to develop to a large extent indicating selective inhibition of mitochondrial protein synthesis. At stationary phase, these cells were unable to take up oxygen to a significant extent but showed no evidence of petite induction. It was concluded that DAP affected mitochondrial transcription rather than organelle DNA replication. These effects were reversed by addition of adenine with the drug.
Spontaneous resistant mutants were separable into three categories, recessive, semi-dominant and dominant, indicating several mechanisms of resistance.
The related analogue, 2-amino purine, had no effect on yeast cells and was not taken up as shown in studies with labelled compound. Mutation frequency of the unstable allele pallida Uefl8 in Antirrhinum tnajus varies according to the particular state of palrec itself, giving adjacent areas of contrasting mutability. The frequency of such shifts in mutability is normally low in our stock, but has been increased by crossing with a related line, of similarly uniform mutability, but recessive at an independent locus eosina: eos/eos plants have pink pigment in place of magenta, and depressed mutability relative to Eos/-sibs.
A striking expression of altered mutability following the cross has been the appearance in the F2 of Eos/-plants showing uniquely low mutability, whose descendants include further "low " plants. Modifiers can be ruled out, as " low " plants do not segregate conventionally. After selfing or crossing to a non-mutable tester they are frequent among the offspring of uniformly "low" plants and rarer where the parent exhibited many somatic shifts in mutability, indicating that the shifting behaviour occurs germinally as well as somatically. "Low" plants tend to decline in frequency after heterozygosity with eos has been lost. Thus besides depressing mutability when homozygous, eos seems when heterozygous to sustain the shifting effect provoked by some unidentified part of the introduced genome.
We are also examining the influence on palta of pigment concentration, comparing Eos/-plants with eos/eos (which are less pigmented), and pale magenta with dark magenta families. Mutants of the genes ole 2, 3 and 4 are respiratory-deficient and blocked in the synthesis of unsaturated fatty acids, sterols and methionine. Thin layer and gasliquid chromatography of the sterols in these mutants reveals that they accumulate large amounts of lanosterol and that they are qualitatively identical. The mutants have no detectable cytochrome pigments and neglible respiratory activity.
CORRELATIONS BETWEEN DEFECTS IN THE SYNTHESIS OF STEROLS, UNSATURATED FATTY ACIDS, METHIONINE
Growth and respiration of ole 2 and 3 can be restored by intermediates of porphyrin biosynthesis. It is concluded that the primary defect in these two mutants is a lesion in the porphyrin pathway and that the complex phenotype of the mutants Biol., 55, 337, 1971) identified delayed replication of GC-rich DNA at zygotene, distinct from pachytene repair replication. Certain DNA synthesis inhibitors increase recombination (Chiu and Hastings, Genetics, 73, 29, 1973) . If recombination initiation is due to single strand gaps in newly synthesized half-chromatids, exchanges would be restricted so that only 2-strand or 4-strand double cross-overs would occur (assuming no or rare sister Various areAr and areAd mutations exhibit a wide variety of phenotypes. areAr mutations appear to be epistatic to some but not all regulatory mutations leading to constitutive synthesis of inducible enzymes and to gdhA mutations, which lead to both loss of NADP-linked glutamate dehydrogenase and derepression of ammoniumrepressible activities. areAr mutations do not interfere with repair of a large number of auxotrophies in double mutants. Furthermore, although areAr mutations prevent utilisation of L-arginine, L-ornithine, and L--amino-n-butyrate as nitrogen sources, they do not prevent the metabolism of these compounds necessary for repairing auxotrophies for proline and isoleucine in the appropriate double mutants.
The areA locus can be interpreted as specifying a protein which is capable of (and in most cases essential for) allowing the synthesis of a number of enzymes of nitrogen metabolism but which cannot function in the presence of ammonium (i.e. as specifying a positive regulatory element which mediates ammonium repression) although the possibility that the areA product also plays a negative regulatory role cannot at present be ruled out. creAdl is recessive in diploids to the wild type allele and maps very closely to galD-5 in linkage group I. creAcIl strains are not resistant to either L-sorbose or 2-deoxy-D-glucose as are, at least, some mutants defective in sugar uptake (Elorza and Arst, Molec. Gen. Genet., 111, 185, 1971) and, moreover, Dg1ucose14C uptake is unaffected. creAdl strains are derepressed for alcohol dehydrogenase and sorbitol dehydrogenase when grown on glucose plus ethanol and glucose plus D-sorbitol, respectively. fi-galactosidase synthesis, however, is unaffected by creAd 1. There is also evidence that enzymes involved in the metabolism of D-fructose and of pentoses are derepressed in creAd_l strains.
These results indicate that the creA locus is involved in the control of carbon Aspergillus nidulans has at least two transport systems for purines-one for adenine, guanine, and hypoxanthine and another for uric acid and xanthine (Darlington and Scazzocchio, 3. Bacteriol. 93, 937, 1967) . There is evidence that the uric acidxanthine permease is regulated both by induction involving the uaY gene (Scazzocchio, unpublished) and by nitrogen metabolite repression involving the areA gene (Arst and Cove, Molec. Gen. Genet., 126, 111, 1973) . A new regulatory mutation affecting the uric acid-xanthine permease has been selected. It segregates independently of both the uaY and areA loci. It confers hypersensitivity to the toxicities of allopurinol, oxipurinol, 2-thioxanthine, and 2-thiouric acid, all of which are substrates for the uric acid-xanthine permease. Preliminary evidence suggests that it at least partially restores uric acid-xanthine permease activity when in double mutants also carrying either a uaY or an areA mutation leading to lack of the permease. The systemic fungicide carboxin (5,6-dihydro-2-methyl-1 ,4-oxathiin-3-carboxanilide) selectively inhibits complex II of the electron transport system in a variety of organisms, including fungi (Ustilago maydis and Saccharomyces cerevisae), higher plants (Phaseolus vulgaris) and animals (pig heart) (Ulrich and Mathre, 3.Bacterial., 110, 628, 1972; White, Biochem. Biophys. Res. Commun., 44, 1212 , 1971 . Studies with carboxin resistant mutants of U. maydis support these findings (Georgopoulos et al., 3. Bacteriol., 110, 809, 1972; Georgopoulos and Sisler, 3. Bacteriol., 103, 745, 1970) .
Mutations to carboxin resistance in A. nidulans map in at least two loci (cbxA and cbxB) both in nuclear linkage group III but recombining freely. Polarographic measurements of mitochondrial preparations show that succinate oxidase activities of cbxA and cbxB strains are 40 and 100 times, respectively, more resistant than that of wild type to carboxin. Experiments with elevated concentrations show that the inhibition of succinate oxidase in cbxA strains is almost linear with respect to concentration whereas that of cbxB strains exhibits much less concentration dependence. Carboxin does not inhibit antimycin A sensitive NADH oxidase or the oxidation of ascorbate + TMPD at concentrations which totally inhibit succinate oxidase activity of the wild type.
